One contribution of 14 to a theme issue 'Optical orbital angular momentum' .
A definitive statement of the model used to describe orbital angular momentum is essentially now available. Its early history, and the interaction of those who played key roles in its development over 20 years ago in its development, is outlined in this Memoir.
This article is part of the themed issue 'Optical orbital angular momentum'.
I have always enjoyed a feeling of satisfaction from finishing a piece of work and submitting it for publication. In my more dystopian times, I have feared that my latest paper might be the last, but I've always gained pleasure from seeing a paper through to publication. Where would be the fun otherwise? No doubts prevailed when in 1992 four of us submitted a paper to Physical Review [1] on what is now known as the orbital angular momentum of light (OAM). Uncharacteristically, I told my wife 'this is going to be big' and 'it will be easy for the next 10 years but then it will get more technical'. My first prediction was right and a string of papers followed. The second was wrongafter less than 10 years the papers were already quite technical enough.
I had spent 6 years in academic administration and did not wish to continue doing it, so was letting it be known to as many people as I could that I would like to return to physics. I met Han Woerdman (Leiden) at a conference in Hyderabad in January 1991. We had never met before, nor yet previously worked on a similar project. He said to me, 'I hear you want to get back into research. How many years do you need; one, two, three?' I was not sure he really meant it. On return home I wrote to him and said that 1 year would be wonderful. He immediately confirmed that a year was mine. No programme of work was devised; we both were happy to see where our interaction might lead.
I got off to a good start with the group when I arrived in Leiden in August 1991. Woerdman very generously said 'we have been working on "optical atoms" whose 2-level atoms were "created" by light beams. I/we have results we cannot explain at the moment. If you can explain them your name can immediately go on a paper.' In fact, this was easy for me to do, because I had spent some considerable time working on multi-photon absorption and was able to recognize the signature of two-photon absorption. I wrote a theoretical background to the problem and showed how well the data fitted theory. I was a quantum optics researcher again and the results were immediately publishable [2] .
Woerdman and his co-workers had several projects in train and I was welcome to involve myself in any, or all, of them. One project which figured was on the possible existence of orbital angular momentum in a light beam. I have often been asked 'How does one think of an original idea in physics research? Who did what?' I do not really know the answer to the question except to say the route is clear in this case. Allen, Beijersbergen, Spreeuw and Woerdman published a paper in June 1992 [1] which made the problem clear and offered an understanding of the ways forward. It would be very nice to understand why and how 7500 citations of the paper have been made since then. In the interim, take my word for it, the above four named optical physicists did it and, I believe, got the direction of the solution sufficiently right that it was feasible for others to follow our lead. That is not to claim the first version of the paper was perfect; far from it, but it began to address the problem in a useful way. Researchers will recognize the pattern here. Some half-ideas begin to gel when the conversation gets directed in an appropriate manner. Any of the group is able to join in the development of the theory and yet not know how significant their contribution was. This is what group work does. No one rises from the bath yelling 'Eureka'. It is more likely to be an orchestrated shout of 'if that is right, how do we prove it?' The first two papers were published by the Leiden group in 1992 and 1993 [1, 3] . In addition, very significant papers by van Enk and Nienhuis, also working in Leiden but not in Woerdman's group, were published [4] [5] [6] , and so après nous le deluge. I knew whom I needed to talk to and telephone calls to Mohamed Babiker (York) and Steve Barnett (Strathclyde) soon moved the calculations forward [7] [8] [9] .
The record shows that many people then began to join the fun and to think carefully about OAM. The next key player unlike Babiker, who was an old friend from Sussex days, was not known to me or to anyone else writing on the topic. Over dinner in St Andrew's I was asked, by a post-doctoral fellow called Miles Padgett, what I was working on. I had visited St Andrew's to talk to established people there to see if I should recommend their current work to be funded by EPSRC. Padgett's question was a serious one, although some versions of this story suggest he was teasing me; I do not think so. He wanted to know if I was working alone or could anyone join in. I told him that, if I were still running a laboratory-based group I should wish to do a certain experiment. I needed to know for sure that light with OAM but no polarization would fail to demonstrate optical activity; this we soon confirmed using glass pipes full of sugar solution (MJ Padgett and L Allen 1993, unpublished data). The deluge began very soon afterwards and it continued to flow. The subject was now truly alive. Padgett, of course, went on to do a great deal of fine work in the area.
The joys and surprises of those first few years are summarized in an extended article that I wrote with Babiker & Padgett [10] , and the broader work of the community in a book of collected papers and commentaries prepared with Barnett & Padgett [11] .
Can you not see the faint outlines of the ox, the aurochs and the reindeer on the wall of the cave?
